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Projections of on-farm salinity in coastal Bangladesh  
 
D. Clarkea,d, S. Williamsa, M. Jahiruddinb, K. Parksa, and M. Salehinc 
 
This paper quantifies the expected impacts of climate change, climate variability and salinity 
accumulation on food production in coastal Bangladesh during the dry season. This forms part 
of a concerted series of actions on agriculture and salinity in Bangladesh under the UK funded 
Ecosystems for Poverty Alleviation programme and the British Council INSPIRE scheme. The 
work was undertaken by developing simulation models for soil water balances, dry season 
irrigation requirements and the effectiveness of the monsoon season rainfall at leaching 
accumulated salts. Simulations were run from 1981 to 2098 using historical climate data and a 
daily climate data set based on the Met Office Hadley Centre HadRM3P regional climate 
model. Results show that inter-seasonal and inter-annual variability are key factors that affect 
the viability of dry season vegetable crop growing. By the end of the 21st century the dry 
season is expected to be 2-3 weeks longer than now (2014). Monsoon rainfall amounts will 
remain the same or possibly slightly increase but it will occur over a slightly shorter wet 
season. Expectations of sea level rise and additional saline intrusion into groundwater aquifers 
mean that dry season irrigation water is likely to become more saline by the end of the 21st 
century. A study carried out at Barisal indicates that irrigating with water at up to 4 ppt can be 
sustainable. Once the dry season  irrigation water quality goes above 5ppt, the monsoon 
rainfall is no longer able to leach the dry season salt deposits so salt accumulation becomes 
significant and farm productivity will reduce by as a much as 50%, threatening the livelihoods 










Low-lying floodplains at the confluence of the Ganges, Brahmaputra 
and Meghna (GBM) Rivers cover over 80% of Bangladesh.1 These 
coastal regions have mean elevations ranging from 1 – 4 metres 
above mean sea level (MSL).2 Variation in tidal levels causes sea 
water to travel many tens of km inland, depending on the tidal 
conditions and freshwater flows from upstream catchments.3 The 
low elevations make the country exceptionally vulnerable to sea 
level rise, saline intrusion and other impacts of future climate 
change, as well as making protection from these phenomena 
particularly difficult.4  
 
The agricultural sector of Bangladesh constitutes an important 
component of the national economy accounting for around 21% of 
the national GDP.5 It also employs a significant proportion of the 35 
million people (25.7%) who inhabit the coastal zone. For the 
majority of the coastal population the growth and sustainability of 
the agricultural sector is of paramount importance to their own 
prosperity and survival, and to a large extent this is also true for the 
national economy. Therefore any changes due to climate variability 
and/or external hazards will have profound socio-economic 
implications and food security issues.6  
 
The coastal regions cover 2.85 Mha, of which 0.83 Mha are arable. 
This represents some 30% of the cultivable lands of Bangladesh.7 
Poverty within the coastal region is high; 14 of the 19 coastal 
districts have poverty rates greater than the national average,3 whilst 
very low levels of development also exist, further adding to the 
populations sensitivities to the external hazards and increasing the 
associated socio-economic problems.8 
 
The climate and fertile soils in the coastal zone allow for a wide 
array of crops to be cultivated, for example cereals, pulses, 
vegetables, fruits and cash crops such as jute and sugarcane,9 
however the cropping patterns and varieties used are dependent on 
the local environmental conditions.10  
 
There are some 2.5 Mha of low-lying coastal lands between 0.9 and 
2.1 MSL in Bangladesh. Around 1.51 Mha (53%) of these areas are 
affected by salinity.11,12 The monsoon wet season occurs during June 
to October, keeping both soil and river salinity low 13,14  and thus 
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enabling the main Kharif II season of rice production. However soil 
salinity increases each year in the dry season between November and 
May (Rabi and Kharif I seasons), limiting agricultural production 
during that period (Figure 1). Dry season agriculture is particularly 
difficult in Bangladesh due to the pressures caused by both drought 
and salt stress. These result in large areas of land that are incapable 
of being used productively until the next monsoon rainfall which 













Figure 1: Seasonal variation of soil salinity and 
precipitation in southern Bangladesh (from Lazar et 
al.). Salinity data are district average values.  
 
 
This paper examines the potential impacts of salinization on coastal 
Bangladesh under plausible climate change scenarios. It is conducted 
within the context of the ESPA Deltas 15 and the British Council 
INSPIRE scheme. The paper first examines salinity accumulation 
mechanisms and the scale of anticipated environmental change, 
including climate change. Then the study area and associated 
methods are outlined. The accumulation of salts by various methods 
are considered and results of an analysis of the impacts of using 
partly saline irrigation water in the dry season is presented.  Key 
findings are then discussed and summarised.  
 
Salinity accumulation mechanisms 
 
Soil salinity in agricultural soils is determined via the electrical 
conductivity of a saturated paste of soil at 25 oC 16 and it is usually 
expressed in deci-Siemens per m (dSm-1). Water salinity can be 
expressed in terms of its electrical conductivity (EC) or as dissolved 
salts parts salt per thousand (ppt).17 If irrigation water quality data is 
supplied as parts per thousand (ppt) they can be converted into 
electrical conductivity (dS m-1) using the formula  ECw = (TDS 
/640)*1000, where ECw is the electrical conductivity of the 
irrigation water (dSm-1), and TDS is the total dissolved solids 
(ppt).18,19 This relationship is semi-empirical and uses an assumed 
conductivity factor of 640; this depends on the salt species involved 
and can vary between 550 and 900. Whilst the relationship can be 
affected by temperature, standard methods assume a soil temperature 
of 25 oC 16 – close to the average dry season air temperature in this 
region (26.5 oC). 
 
Soil salinity is a result of salt accumulation in the soil, which is 
affected by water salinity, drainage and evaporation. Crop 
production is generally unaffected in areas where the salinity of 
agricultural soils is below 4 dSm-1 20. Soil salinity in the dry season 
in Bangladesh results from a number of mechanisms including tidal 
inundation, irrigation using saline water, and the capillary rise of 
salts from shallow groundwater tables 13,14; Table 1. Dry season 
inundation can be caused by tides and surges of brackish sea water 
(19-28 ppt ; standard sea water is around 35 ppt). These can 
propagate from the Bay of Bengal up to 200 km into the delta in 
times of reduced river discharge21,3.  
 
Table 1: Salinity mechanisms and processes in 

































Beltrán 22 identifies capillary rise and applied irrigation as the two 
dominant mechanisms in salt accumulation in soils. Capillary rise 
causes salt accumulation from shallow groundwater which 
commonly occurs in irrigated areas in the dry Rabi season.23 This 
Mechanism Processes Long term change factors 
River water 
salinity 
Tidal inundation (no 
defences) 
Reduced river flows 
 Seepage through 
embankments 
Upstream diversions 
 Inundation (polders 
breached or poorly 
maintained) 
Upstream dams 
Storm surges / 
cyclones 
Overtopping of sea 
defences 
Higher sea levels 
 Water ponding in low 
lying areas with silted 
up drains 
Increased frequency of surges 
Depth to water 
table 
Capillary rise (water 





Irrigation with saline 
river or groundwater 









of saline water 
Dependant on aquaculture 
 Lateral seepage to 
adjacent land 
 
 Contamination of 
shallow ground water 
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can result in a near continual supply of salt to the root zone as soil 
moisture is either absorbed by the crop or evaporated at the 
surface.24 Secondary salinization of agricultural land is the result of 
human activities such as irrigation, the use of coastal groundwater 
where sea water partly replaces fresh groundwater or direct 
evaporation from areas where the water table has risen due to poor 
drainage, over irrigation or sea level rise.  
 
A developing problem in terms of salinity in Bangladesh is the 
adoption of brackish water shrimp cultivation. This is the third 
largest earner of foreign currency, with production primarily based 
in the southern regions around Khulna, Satkhira, Jessore and 
Bagerhat.25 The profits from shrimp culture exceed those of 
traditional agriculture and it is therefore unsurprising that shrimp 
culture is one of the most attractive land use practices.26 It provides a 
vital role in stimulating economic development within the coastal 
regions already affected by salinization. Unfortunately, a 
consequence of the shrimp culture involves the deterioration of 
coastal soils and ground/surface water sources through increased 
salinization. 
 
Anticipated environmental change 
 
The hydrographic and geographic setting for Bangladesh makes the 
country particularly vulnerable to saline intrusion and other effects 
of climate change. Effects include raised temperatures causing a 
higher irrigation demand, changes in rainfall patterns, increased 
climatic variability and/or shifts in the seasons. Saline intrusion into 
the delta and groundwater systems is likely to increase due to sea 
level rise and intensification of cyclones and storm surges. Other 
human induced factors such as the diversion of fresh water from the 
Ganges river in India will reduce the amount of fresh water entering 
the delta3, whilst at the same time the maintenance of sea defences in 
Bangladesh is uncertain.  
 
Dasgupta et al.3 describe changes in river water salinity and 
provided projections of future river salinities for the year 2050. 
Results are given for a B1 greenhouse gas emissions scenario, which 
is relatively benign and a more aggressive or extreme A2 scenario.  
Figure 2 shows anticipated changes in the distribution of slightly 
saline river waters (2 ppt) and more saline water likely to cause 
damage to crops (4 ppt). The present day isohalines indicate that the 
western sector is already affected by significant salinity, probably as 
a result of reduced fresh water river flows due to diversions at 
Farraka in India. The towns of Khulna and Satkhira and Bagerhat are 
already affected by salinities close to 4 ppt. Other regions currently 
affected are the southernmost regions of Barisal district and the 
eastern coastline along the west bank of the of the Padma (GBM) 
River.  
 
Lazar et. al.27 show that climatic change alone is unlikely to reduce 
agricultural productivity in southern Bangladesh, but salinity is a 
significant problem that is difficult to assess due to the multiple 
interacting drivers. In this study, we assess problems associated with 
drought and salinity in dry season agricultural practice. The 
following sections will evaluate likely trajectories of salinity in the 
coastal region of Bangladesh up to the year 2098 by modelling 
scenarios of sea level rise, climate change and agricultural practices 
with varying water salt loads. 
 
 
Figure 2: Isohalines of river water salinity in Bangladesh 
for current (2012) and future scenarios (2050 B1 and 2050 
A2). Isohalines are interpolated between rivers. Based on 
data presented in Dasgupta et. al., (2014). The dark circle 
indicates location of Barisal used for analysis in the 
following section.  
 
 
Study area, climate data and simulation model 
 
The region around Barisal was selected as a study area because it lies 
in the transition zone of soil salinity problems. The dry season soil 
salinity in Barisal is relatively low (~2 dSm-1) but  nearby areas are 
becoming affected by increasing salinization eg Bhola (~4 dSm-1) 
and Jhalokati (~6 dSm-1); Figure 1. Barisal has a long climatic record 
and is included in the FAO CLIMWAT 2 climatic database28. A 
daily soil moisture deficit (SMD) model was constructed for the 
Barisal region between 1981 and 2098. SMD is defined as the 
amount of water in units of mm of rain (or irrigation) required to re-
wet a dry soil so that the plant root zone is at field capacity (i.e. it 
can hold no more water). The model is based on the FAO 
CROPWAT single layer approach29. It requires daily values of 
rainfall and potential evapotranspiration, crop characteristics (crop 
type, rooting depth and crop coefficient) and soil characteristics (soil 
type, structure and porosity). 
 
Daily precipitation values for 1981-2098 were provided by a 17 
member ensemble of simulations of the HadRM3P (PRECIS) 
regional climate model developed by the Met Office Hadley 
Centre.30 The model is based on the HadCM3 global climate model 
and dynamically downscaled to assess regional climate variability.31 
The model runs at a 0.22° x 0.22° resolution (~25 km by 25 km), 
with 19 vertical levels and 4 soil levels32. The ensemble member 
(labelled Q0) represents an unperturbed version of the model 
physics. The projections are driven by the Special Report on 
Emissions Scenario (SRES) A1B scenario33, which lies between 
RCP6.0 and RCP8.5 in terms of atmospheric CO2 concentrations and 
global temperature projections34. This represents a future for the 
coastal areas in Bangladesh which is approximately 4 oC warmer and 
9% wetter by the year 2098. This paper reports results from the 
unperturbed model Q0. Two alternate scenarios were used to 
examine the sensitivity of the models developed, one which is 
warmer and drier (Q8) another which is warmer and wetter (Q16) 30. 
The differences between the salinity accumulation due to the three 
climate scenarios is discussed at the end of the paper. 
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The inter-annual variability of the rainfall was calculated using the 
Standard Precipitation Index, a measure of the spread (in standard 
deviations) around the mean rainfall (Figure 3). No clear change in 
variability is apparent in the 120 year sequence of rainfall and it 
appears that the current pattern of unpredictability of rainfall 
continues into the future. 
 
 
Figure 3: Variability in annual rainfall at Barisal 
1981-2098. Data provided by Met Office PRECIS 
model based on an  SRES A1B unperturbed 
scenario.  
 
Potential evapotranspiration (PE) was estimated using the FAO 
Penman Montieth approach with historical average climate data from 
the CLIMWAT2 database28. Daily values of PE were obtained by 
linear interpolation between monthly values. This approach was used 
in place of calculating daily PE values from HadRM3P generated 
climate data because the HadRM3P daily temperature and humidity 
sequences were generated independently and produced inconsistent 
sequences of PE.  Inter-annual variability of PE is known to be small 
and only has a small impact on vegetation development35, so the 
historical data were assumed to remain constant over a 20 year time 
period 1981-2000. Estimates of future potential evapotranspiration 
(PE) were generated by perturbing the historical climate data as 
suggested by Agrawala et al.8, for the years 2014, 2030, 2050 and 
2080 (Figure 4). The main impact of climatic change is to raise the 
mean monthly evapotranspiration rate by approximately 0.15 – 
0.2 mm day-1 by the 2080s. Annual PE rises approximately 6% from 













Figure 4: monthly Evapotranspiration (PE or ET₀) 
for Barisal  
 
Soils in the Barisal region are silty clay loams. Typical crops grown 
in the dry season include potato, grass pea, chilli, tomato, cucumber, 
bean, aubergine, water gourd, and watermelon. These are simulated 
in the SMD model using a generic “small vegetable” rooting system 
0.6 m deep at maturity. Crop and soil parameters used in the model 
are summarised in Table 2.The SMD model was implemented in 
MATLAB and run on a daily basis over the 120 year period from 
1981 – 2098. During the monsoon season, high rainfall results in 
near saturated conditions and the SMD is close to zero. In the dry 
season (approximately November – June), soils dry out and 
limited/unpredictable rainfall means that irrigation is necessary to 
grow some crops.   
 
Table 2: Properties of soil and crop characteristics 
(adapted from CROPWAT8.0) 
 
Soil type             Medium (clay loam) 
Total available soil moisture (TAM)                                290 mm m-1 
Maximum rain infiltration rate             40 mm day-1 
Maximum rooting depth             60 cm 
Initial available soil moisture          290 mm m-1 
Readily available soil moisture (RAM)        145 mm m-1 
Crop coefficient (Kc)             1.05 (mid-season) 
Average depleted fraction of TAM (p)           0.5 or 50% 
Initial soil moisture depletion (as % of TAM)            60% 
 
 
The SMD model was used to identify maximum soil moisture deficit 
without irrigation and the length of the dry season each year. This is 
calculated as the number of days the SMD is >145 mm i.e. when the 
readily available moisture in the soil profile has been used so crops 
will be under water stress and therefore their productivity will be 
reduced (Figure 5). The maximum SMD is calculated assuming that 
there is no irrigation in the dry season. Maximum SMD values were 
found to be in the range 250 – 290 mm, but there was no increase in 
maximum SMD found during the 21st century. This is because 
despite potential evapotranspiration rising due to higher 
temperatures, the available water in the root zone is finite and this 
limits the total amount of evapotranspiration that can actually take 
place. However the higher temperatures mean the soil remains drier 
for a greater time and therefore the dry season becomes ~20 days 
longer by the end of the 21st century. The shorter wet season and 
higher annual rainfall indicates that the wet season rainfall will be 












Figure 5: Calculated length of dry season in Barisal 
1981-2098 (when unirrigated SMD  > 145mm)  
 
The dry season irrigation water requirements for small vegetable 
crops were calculated using the SMD model. The calculation was 
based on optimal irrigation water delivery (i.e. the correct amount of 
water is delivered at the correct time to remove water stress), 
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assuming an irrigation efficiency of 0.56 (Figure 6). The efficiency 
is estimated as a product of an assumed in field water use efficiency 
of 0.7 and a conveyance efficiency of 0.836. The average irrigation 
water required is 4000 m3 ha-1 (or 400 mm depth in rainfall units). 
Inter-annual variability of rainfall results in ~18% of years needing 
no irrigation - crops can be grown using soil moisture carried over 
from the monsoon period in exceptionally wet years. Conversely, in 
10% of years significant dry season irrigation (>1200 mm) is 
needed. 
 
By the end of the 21st century, higher temperatures will increase 
potential evapotranspiration by ~5% and annual rainfall is expected 
to increase by ~9%. However the analysis suggests that there is no 
clear trend in the amount of water needed for dry season irrigation in 
the Barisal region. This agrees with the work of Lazar et. al.27 who 
show that climatic change alone is unlikely to significantly affect 
agricultural production.  
Figure 6: Irrigation water requirements for small 
vegetables in Barisal in the dry season 1981 - 2098 
 
 
Accumulation of salts when irrigating with water 
of varying quality 
 
To investigate the future trajectory of salt accumulation due to dry 
season irrigation, the mass of salt introduced to a farm was 
calculated using the volume of water needed to satisfy the irrigation 
water requirements. This calculation was performed each season 
with assumed irrigation water salinities of 3, 5 and 8 ppt, which 
covers a range from low to moderate salinity. The dry season salt 
mass accumulations were then compared to the leaching capacity of 
the next monsoon season, assuming that the drainage systems and 
other water control structures were operating adequately. 
 
The leaching requirement (LR) and the total depth of water needed 
to maintain a specified in field salt balance were calculated using the 
methods described in Ayers and Westcot 24. The average soil salinity 
tolerated by dry season vegetable crops grown (ECe) is used to 
define how much additional water at a salinity of ECw is required to 
leach the salts through the soil, known as the Leaching Requirement, 
LR 37,38: LR = ECw / (5 * ECe – ECw). The total depth of applied 
water (AW) needed to maintain a neutral salt balance is determined 
by: AW = ETc / (1 – LR) where AW is the depth of applied water 
(mm year-1), to meet both crop evapotranspiration ETc 
(= PE * crop specific factor (FAO, no date)) and leaching 
requirements, LR.24 
 
The values of LR used in this study were set at three thresholds with 
potential crop yield reductions of <10%, 25% and 50%, using typical 
values of ECe for vegetables in Ayers and Westcot 24. The calculated 
depth of partly saline irrigation water applied (AW) was then 
compared with the leaching capacity of the monsoon. In each year 
where the monsoon rainfall was greater than AW, it is assumed that 
salts are fully leached from the soil. However, where AW is greater 
than the monsoon, some salt remains in the soil profile and is carried 





Accumulation of unleached salts and expected crop 
yields 
 
Figure 7 shows the simulated differences between leaching 
requirements and the monsoon rainfall at Barisal between 1981-2098 
under the Q0, Q8 and Q16 climate scenarios. Three irrigation water 
qualities were used in the analysis 3 ppt, 5 ppt and 8 ppt. Leaching 
requirements increase steadily over the 21st century due to a 
combination of higher crop evapotranspiration and the longer dry 
season. There is little difference due to the climate scenario used. 
Leaching requirements also increase with greater irrigation water 
salinity and some loss in crop yield is unavoidable, unless 
unrealistically large volumes of water are used in leaching. In this 
study we are limited by available rainfall in the monsoon season. At 
3 ppt, little or no crop loss (<10%) is achievable in 96% of the time 
i.e. the monsoon is able to remove accumulated dry season salts in 
almost every year of the simulation (Figure 8a). However at higher 
irrigation water salinities, salts accumulated during the dry season 
cannot be removed by the monsoon every year. With irrigation water 
salinity of 5 ppt, some salt is left behind in 40% of the years, 
resulting in an average decrease in crop yields of 25% (Figure 8b). 
Irrigation with water at 8 ppt results in incomplete leaching in 65% 
of the years and an average crop loss of 50% (Figure 8c). This level 
of damage is unlikely to be sustainable and farmers will not be able 

















Figure 7: Crop water and leaching requirements for 
small vegetables irrigated with varying water 





















Figure 8: Unleached salts for irrigation water 
salinities of 3, 5 and 8 ppt 
 
 
Some form of agricultural adaption will be necessary to cope with 
these conditions, however experience at present shows that marginal 
areas struggle at present to grow crops in the dry season. Work is 
currently underway to develop salt tolerant varieties of some crops 
and to encourage the adoption of crop types known to cope with 
these conditions (e.g. chilli, mustard, watermelon). However the low 
level of investment in infrastructure maintenance due to low incomes 
means that many drainage structures operate at below optimal 





Our results indicate that irrigating with water qualities >4 ppt will 
result in at least a 25% reduction in dry season crop yield. The 
irrigation water could be obtained from either surface or 
groundwater and the spatial distribution of groundwater salinity is 
described in Salehin et al. 39, but for the purposes of this discussion 
we will assume that only surface (river) waters are used. The future 
pattern of river salinities depends on the tidal amplitude, the extent 
of the landward penetration of the tides, and the volume of 
freshwater flow from upstream catchments. This trend is likely to 
shift landwards under future climate change with an increase in 
saline intrusion,  subsequent increases in sea levels due to storm 
surges and subsidence of the delta, as well as reduced freshwater 
discharge by the GBM rivers during the dry season 40,41,3,42. 
 
Dasgupta et al. 3 modelled future river water salinities (Figure 9, 
left). Using these projections to estimate the impacts on dry season 
crops, it is evident that irrigated agricultural productivity in the 
Barisal, Patuakhali, and Bhola districts is likely to fall ~25% by 
2050 due to salinity (Figure 9, right). Some regions will experience 
dry season crop yield reductions of ≥50%. Regions further inland or 
closer to adequate supplies of fresh surface water (e.g. Pirojpur) 
experience little impact and as a result calculated potential crop 
yields are unaffected. Conversely, regions which are already 
experiencing severe salinity such as the southern coastal areas of 
Barisal and Khulna divisions are expected to see salinities >20 ppt 






Figure 9: Left: Projections of future 2050 river water 
salinities based on Dasgupta et al. (2014). Right: 
Simulated crop yield reduction due to increased 
irrigation water salinity. 
 
Future agricultural practice will require farmers to adopt different 
land management approaches such as new crop varieties and 
alternate farming practices.  Different seed bed shapes, correct seed 
placement and alternative furrow irrigation will help  avoid reduced 
crop yield caused by salts accumulating in the root zone 43,24,44.  Rain 
water harvesting methods may help mitigate the demands whilst 
allowing the application of good quality water from the 
monsoon45,46,47,48. However, in areas where salinities are particularly 
high such as the Kalapara region, adaptation practices may not be 
enough to sustain acceptable agricultural production.  A change in 
cultivation from agriculture to brackish water aquaculture could be 
an appropriate adaptation to future environmental conditions26,48, 
although this will need to be sustainably managed to avoid 
contamination of adjacent farmland and drinking water supplies; 




1. Salinity is a major factor affecting the environment in the 
coastal districts of Bangladesh. This was identified 
through our stakeholder workshops and famers meetings 
held in Sathkira, Khulna and southern Barisal districts in 
2014. In these regions, dry season agriculture is already 
severely curtailed or impractical, and drinking water 
sources are also affected by salinity. 
 
2. The dry Boro season exhibits long-term climate forcing 
with the length of the season expected to increase by 20 
days by the end of the 21st century. The length of the 
growing season (and hence critical crop planting dates) 
remains unpredictable. The monsoon Kharif II season is 
expected to decrease by 18 days. However the amount of 
monsoon rain will probably rise by 10 – 15%. 
 
3. Over the region as a whole, inter-annual variability 
remains the dominant factor affecting dry season crop 
production and is more important than gradual climatic 
change in the 21st century. Dry Boro season irrigation 
requirements will remain unchanged throughout the 21st 
century, despite the influence of inter-annual variability 
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causing changes to both the amount and timing of 
irrigation water requirements. 
 
4. Salt accumulation in soils will increase if the sources of 
dry season irrigation water increases in salinity. The 
accumulation of salts on the agricultural land is a result of 
both the amount and quality of irrigation applied as well as 
the effectiveness of the monsoon rains to remove water by 
leaching/disposal through effective and well maintained 
drainage systems. 
Conclusions 
Agricultural production is the major ecosystem service in this region 
of Bangladesh. This work stresses the importance of salinity change 
as a potential limitation on agricultural production in coastal 
Bangladesh. Hence, it is vital to understand future salinity change. 
Lazar et al. (this issue) show that extrapolating salinity trends from 
historical data only suggests an overall increase in crop production 
due mainly to higher CO2 concentrations.  
 
The accumulation of salts on the agricultural land in the dry season 
is a result of both the amount and quality of irrigation applied and 
the effectiveness of the monsoon rains to remove water by 
leaching/disposal through good, well maintained drainage systems. 
However saline accumulation in soils will increase if the sources of 
dry season irrigation water increase in salinity. We demonstrate the 
immediate threat of crossing a tipping point of irrigation water 
quality (5 ppt) – which will cause long term accumulation of salts on 
agricultural land.  Solutions to this problem will require a greater 
dissemination of the results of research on new crop types, varieties 
and farming practices.  
 
Our findings reveal that both climate variability and saline 
intrusion are important drivers of determining both the climatic 
conditions and productivity of dry season agriculture by the end 
of 21st century. These effects will be particularly profound in 
some districts and greater emphasis should be placed on 
adopting agricultural practices suited to the future conditions. 
This however will require collaborative research at all levels, 
whilst also providing financial support to the local level farmers 
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